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[57] ABSTRACT 
In a matcher mechanism for verifying a match of a set 
of subject points having positional parameters against a 
set of reference points having positional parameters, the 

i) 

improvement of employing a set of Group tables de 
rived from the difference table. Each line entry on the 
difference table constitutes a lead entry of a separate 
Group table. The Group table are overlapping subsets 
of the entries on the difference table. The members of 
the Group table are limited to only one line entry repre 
senting each reference point. That line entry is the one 
which is closest to the lead entry on the difference 
plane. In addition, all line entries within a Group are 
limited to those that are within a predetermined win 
dow on the difference plane around the lead line entry 
for the group. A quality score is determined for each of 
the Group tables based on a weighted proximity value 
between each pair of line entries in the Group involved. 
The closer a pair of line entries are to each other, the 
greater will be its weighted score and its contribution to 
the weighted proximity value for the Group table. That 
Group table with the greatest quality score is deemed to 
provide the quality score for the matcher. A match is 
determined if the value of that quality score exceeds a 
threshold which is a function of the number of reference 
identi?cation points. There may also be a requirement 
that the quality score exceeds some minimum value. 

49 Claims, 11 Drawing Figures 
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MATCHER 

BACKGROUND OF THE INVENTION 

This invention relates in general to an automatic com 
puter controlled technique for matching a set of points 
in a reference ?le against a set of points in a subject ?le 
wherein each of the points in the reference ?le and the 
subject ?le have values associated with certain prede 
termined parameters. More particularly, this invention 
relates to a ?ngerprint matcher in which the positional 
and angular parameters of a set of minutia points in a 
reference ?le are compared against the positional and 
angular parameters of a set of minutia points in a subject 
?le to determine whether or not the subject ?le suffi 
ciently matches the reference ?le so that the subject can 
be veri?ed. 

Fingerprint matcher mechanisms are known. One 
such matcher is described in Wegstein, J. IL, The M-40 
Fingerprint Matcher, National Bureau of Standards 
Technical Note 878, US. Government Printing Office, 
Washington, DC 1975. The matcher mechanism de 
scribed in the Wegstein reference employs the position 
of each reference minutia and subject minutia in X and 
Y coordinates and the angular value in degrees. As 
described in Wegstein, each reference is compared with 
each subject point, within certain limits, for each of 
these X, Y and angle parameters so as to provide dis 
placement values for a difference table. Certain clusters 
of points on the difference table are used to provide an 
indication of the extent to which the subject ?ngerprint 
might be displaced or rotated relative to the ?ngerprint 
from which the reference ?le was obtained. Certain 
?gures of merit or matching scores are obtained. Only if 
the matching score exceeds certain thresholds, is the 
subject ?ngerprint deemed to correspond with the ref 
erence ?ngerprint. 
The utility of a matcher is a function of the speed 

with which it operates and its error rate. There are two 
types of error. A type I error is the failure to verify a 
match when the subject ?nger is indeed the same as the 
?nger from which the reference ?le was obtained. This 
is an incorrect rejection in an access system. A type II 
error is the veri?cation of a subject ?ngerprint which in 
fact is not the same as the ?ngerprint from which the 
reference ?le was made. This is an incorrect admission 
in an access system. 
The value of any matcher mechanism is the extent to 

which the matcher contributes to increasing the speed 
of operation of a veri?cation system, to reducing type I 
errors and to reducing type II errors. 
There is a trade off between these three operating 

characteristics and the amount of distortion and lack of 
registration between the two ?ngerprints that are being 
compared which can be tolerated. A major, if not the 
major, problem in matching ?ngerprint derived data is 
due to the plasticity of the ?nger. The resultant varia 
tion in ?nger impression from time to time results in 
substantial image variation. 

Accordingly, it is a purpose of this invention to pro 
vide an enhanced matcher in which an improved trade 
off is obtained between the characteristics of speed, 
type I error, type II error, and ability to accept distor 
tion and lack of registration. 

BRIEF DESCRIPTION 

In brief, the matcher of this invention compares a set 
of subject points held in a ?rst memory unit against a set 
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2 
of reference points held in a second memory unit. The 
matcher operates with a known type of difference table. 
However, in this invention each entry on the difference 
table is established as a lead entry in a separate Group 
table. Thus there is on Group table for each entry on the 
difference table. The Group corresponds to what is or 
could be a cluster. 
Each Group table is composed of only one entry 

from the difference table associated with each reference 
point and that entry is the one which is closest on the 
difference plane to the lead entry for the Group table. 
Furthermore, unless the closest entry is within a certain 
distance of the lead entry on the difference table it is 
omitted from the Group table. In addition, unless the 
closest entry has an angular displacement which is 
within a threshold distance from the angular diplace 
ment of the lead entry, it is also omitted from the Group 
table. Accordingly, the Group table for any lead entry 
has no more entries than the number of reference minu 
tia points in the reference ?le. 
A quality score Q is calculated for each Group table. 

The quality score is determined by pairing each entry 
on the Group table with each other entry. For each 
pair, a score P3 is calculated which is a weighted func 
tion of the distance between the pair on the difference 
plane and the difference in angular displacement of the 
pair on the difference table. The sum of all these 
weighted pair scores constitutes a quality score for the 
Group table. 
The maximum Group table quality score Q,,, is the 

matcher score. Veri?cation is established only if the 
match quality score Qm exceed a certain threshold. 

In particular, veri?cation may be established only if 
three criteria are met. These three criteria are: (i) the 
number of entries on the Group table associated with 
Qm is greater than a ?rst threshold, (ii) the number of 
entries on the Group table associated with Q," is greater 
than a predetermined fraction of the number of entries 
in the reference ?le, and (iii) the matcher score Qm is 
greater than a third threshold, which third threshold is 
some predetermined multiple of the total-number of 
minutia entries in the reference ?le. 
The subject ?ngerprint minutia ?le which is to be 

compared against a reference ?ngerprint minutia ?le are 
both ?les that may be derived from an optical image of 
a ?ngerprint. The optical image may be developed from 
an optical scanning apparatus and technique such as that 
disclosed in US. Pat. No. 4,322,163 issued Mar. 30, 1982 
and entitled Finger Identi?cation. The minutia ex 
tracted from such an optical image may be obtained by 
any of a number of known techniques. Such techniques 
are described in Stock,, R. M., Automatic Fingerprint 
Reading Proceedings of the 1972 Carahan Conference on 
Electronic Crime Countermeasures, University of Ken 
tucky, Lexington Ken., 1972, p. 16-28 and Banner, C. 
S., and Stock, R. M., FINDER The FBI’s Approach to 
Automatic Fingerprint Identi?cation, Proceedings of a 
Conference on the Science of Fingerprints, Home Of?ce, 
London, England, 1974. 
The minutia extracted are stored as a reference ?le or 

as a subject ?le in memory units of the automatic classi 
?cation and identi?cation equipment. Each ?le is a set 
of points. Each point has X and Y positional coordinates 
and an angular coordinate ¢. Thus each point is repre 
sented by three parameters. The matcher provides a 
technique for automatically comparing the parameters 
associated with points in the reference ?le with the 
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parameters of points in the subject ?le. This comparison 
identi?es clusters of points in a difference plane and 
difference table. The degree and extent of the cluster is 
a function of plasticity distortions and lack of registra 
tion between subject ?ngerprint and reference ?nger 
print. A tight cluster can be used to identify two ?nger 
prints as the same. This is done automatically by means 
of a program for operating on these parameters to effect 
the comparisons and decisions as set forth herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a block diagram illustrating the relationship 

of the matcher mechanism of this invention to the 
equipment that provides the set of subject points and the 
set of reference points. 
FIG. 2 represents a portion of a difference table gen 

erated in accordance with the teachings of this inven 
tion. 
FIG. 3 represents a difference plane in which certain 

of the entries from a difference table are indicated sche 
matically so as to show the clustering that may occur in 
a given situation. 
FIG. 4 represents a Group table for the ?rst lead 

entry of the FIG. 1 difference table. 
FIG. 5 is a ?ow chart representing the development 

of the difference table. 
FIG. 6 is a ?ow chart illustrating the development of 

a Group table. 
FIG. 7 illustrates a ?ow chart by which the quality 

score Q is computed for each Group table. 
FIG. 8 is a ?ow chart representing the determination 

of the maximum group quality score Qm. 
FIG. 9 is a ?ow chart representing the matcher deci 

sion strategy using the maximum group score Qm. 
FIGS. 10 and 11 illustrate an optical scanning tech 

nique used with the veri?cation technique of this inven 
tion. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The matcher mechanism provides a quality score Q,,,. 
The matcher score provides an indication of how well 
the set of minutia of a subject ?ngerprint image matches 
the reference set of minutia. 
A subject ?ngerprint image may differ from the refer 

ence ?ngerprint image even though both are taken from 
the same ?nger of the same inidividual. Displacement 
and rotation of the platen causes some of these differ 
ences. Differences are also due to the plasticity of the 
?nger which results in some change in the con?guration 
of the minutia points as a function of changes in the 
amount of force and the direction of the force applied 
by the individual when placing his or her ?nger on a 
platen. The condition of the ?nger varies from day to 
day and is a function of recent environment and use. 
The result is that the set of minutia points from a subject 
image usually differ from the set of points in a reference 
?le, even though the two ?ngerprints are from the same 
?nger. 
To provide a ?gure of merit for making a decision on 

veri?cation, a matching mechanism is used. Associated 
with each minutia are X and Y coordinates and an angle 
direction. A matcher centers around the establishment 
of a difference table relating to these three identifying 
parameters and the processing of values in the differ 
ence table. In connection with this matcher invention, 
reference is made to a difference table in addition to a 
difference plane because the difference in the direction 
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4 
of the minutia points being compared will be considered 
as well as their displacement on a two dimensional 
plane. 
The two sets of minutia points to be compared, the 

reference set R and the subject set S, may be derived 
from an image produced by an optical scan of a ?nger 
print such as that disclosed in U.S. Pat. No. 4,322,163. 
The ?ngerprint image thus provided may be a binary 
image composed of a number of picture elements (pix 
els) that permits identi?cation of the standard minutia, 
speci?cally the line endings and line bifurcations. The 
matcher mechanism described herein treats each such 
minutia point as a point and makes no distinction be 
tween a line ending minutia point and a bifurcation 
minutia point. The set of minutia points involved may 
be extracted from the image by any one of a number of 
mechanisms. Indeed, the matcher mechanism of this 
invention does not require that the set of points in 
volved be minutia points. All that is required is that the 
set of points is deemed to be unique to the ?ngerprint of 
the individual involved so that a unique identi?cation 
may be provided. Accordingly, it should be understood 
herein with respect to the disclosure and the scope of 
the claims, that reference to identi?cation points is not 
necessarily limited to minutia identi?cation points. 

In broad terms, FIG. 1 illustrates the relationship of 
the matcher 10 of this invention to the equipment with 
which it may be associated. The optical scan mechanism 
12, such as that described in the reference U.S. Pat. No. 
4,322,163 and shown in more detail in FIGS. 10 and 11, 
provides a binary image, for which the identi?cation 
points extraction mechanism 14 serves to extract a set of 
points that identify the ?ngerprint involved. The set of 
subject points are maintained in a subject point member 
store 16 so that they can be compared by the matcher 10 
with a set of points in a reference point memory store 
18. Thus the matcher 10 compares the contents of the 
two memory units 16 and 18 in the manner described 
hereinafter to come up with a score which indicates 
veri?cation. The set of points in the reference point 
store 18 may be determined in any fashion. However, 
for purpose of minimizing both the type I and type II 
errors, it is preferable that the set of points in the refer 
ence store 18 be derived from the same mechanism 
which derives the set of points in the subject store 16. 
The reference points R and subject points S are 

stored in memory units 16 and 18 by three parameters, 
namely the X value, Y value and angle value. To facili 
tate comparison, both R and S points are stored in Y 
value order. Thus, R1 has the lowest Y value of any 
reference point, R; has the next Y value, and so forth. 
By so ordering in terms of Y values, it becomes possible, 
as shown in FIG. 4, to include a loop routine which 
speeds up the comparisons between R and S points. 

THE DIFFERENCE TABLE 

A difference table is created based on a comparison of 
the set of minutia points in the reference ?le and the set 
of minutia points from the subject image. Each refer 
ence point R,- is compared with each subject point Sj in 
establishing the table. No distinction is made between 
line ending points and bifurcation points. Each minutia 
is treated as a point in a three parameter matrix. FIG. 2 
illustrates a portion of such a difference table. 
For each comparison of a reference point and a sub 

ject point, various entries are made in the table. An 
entry AX is made equal to the displacement between 
these two points along the X axis of the image plane. 
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Another entry AY is made equal to the displacement 
along the Y axis. A third entry A¢ (not shown in FIG. 
2) is made indicating the angular difference between the 
two points. The AX and AY entries are the number of 
pixels between the two points. The A<l> difference is in 
degrees. A plot of all AX and AY entries creates the 
difference plane. 
The number of entries in the difference table of this 

invention is restricted in that for a given reference point 
R; certain subject points 8/ are not included. In one 
embodiment, the subject points Sj that are excluded 
from the difference table comparison with a given refer 
ence point are where either (i) the subject point 8; is 
outside of a 61 X 61 pixel box centered on the reference 
point R;, or (ii) where the angle of the subject point Sj is 
outside of a band of plus or minus 22.5 degrees around 
the angle for the reference point. In this fashion, the 
number of entries in the difference table is somewhat 
limited. 
The FIG. 2 difference table is a representation of the 

portion of the typical difference table that might be 
developed with the apparatus of this invention. Each 
entry is given a line number. Each reference point R1 is 
compared with each subject point 8; which is within the 
61 X61 pixel box centered on the reference point R;. 
The X axis and Y axis displacements, AX and AY re 
spectively, are entered in the difference table. In addi 
tion, in one preferred embodiment, the difference in the 
ridge flow matrix angles of the two points R; and Sj 
being compared is entered in an additional column 
which is not shown in the FIG. 2 difference table. Fur 
thermore, in a practical embodiment, there would be 
many more entries. The difference table is ordered by 
the Y value of the reference points. Because of the 
ordering of the R and S points in the memories 16 and 
18 it is possible, as shown in FIG. 4, to include a loop 
routine which speeds up the comparison. Any subject 
point Sj with a Y value below that of the window set up 
on a given R;, need not be compared with any subse 
quent R; points. Thus a determination that the Y value 
of an Sjis below the window means that the next Sjpoint 
can be immediately reviewed. 
As shown in FIG‘. 2, in the difference table, the 5; 

points are ordered within each sub-group of R;points by 
virtue of the absolute magnitude of AY. 
FIG. 5 illustrates a flow chart for developing the 

difference table of FIG. 2. As indicated by the function 
box 20, the reference set R; and the subject set 5]‘ are 
ordered in terms of their Y coordinate value. This or 
dering facilitates a speedier processing. The ?rst R 
(namely R1) is used to start as indicated by the function 
box 41. Any subject point 8; which is outside of the 
61 X 61 pixel box centered on R; is not coupled with R1 
in the difference table. Thus, the function box 22 estab 
lishes a window in which the limits of the Y value for 
the subject points S; is K1 pixels above that of the Y 
value for the reference point and K1 pixels below the Y 
value of the reference point. All subject points Sj must 
have a value within that window. In the embodiment 
when the window is 61 X61 pixels, K1 is 30 pixels. In 
that embodiment, the ?eld of the image is 256 by 256 
pixels and represents an object ?ngerprint with 0.075 
mm. (3 mils.) per pixel resolution. The optimum value 
for this window, like all such parameters herein, is a 
function of the resolution of the image. 
The ?rst subject point Sj is the ?rst in order namely 

S1 as indicated by the function box 23. 
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The speed up procedure which involves the loop that 

includes function box 24 is a known technique. Because 
of the window, there is no need to further compare a 
subject point 8; that has a Y value below the window 
against any other reference points R;, since the refer 
ence points are ordered by Y value. 
The decision boxes 26 and 28 determine the program 

ming within the limits of that window. The decision box 
30 with the value K1 (equal to 30 in one embodiment) 
assures that the X displacement values are within the 
61 x61 pixel window. The decision box 31 assures that 
the angular displacement value of each entry on the 
difference table is within the 22.5 degrees “window”. 
FIG. 3 is not intended to represent the relationship 

between the R; and Sj points set out in FIG. 2. FIG. 3 
provides an indication of how a set of difference table 
entry points would look in a difference plane where the 
reference ?le and subject ?le are derived from the same 
?nger and the displacement between the subject ?nger 
and the reference ?nger is slight. In such a circum 
stance, assuming ?ve points, there will be one tight 
cluster of ?ve points. Clearly, identi?cation of this clus 
ter is an aid in evaluating the match. The group table 
technique of this invention is an improved technique for 
evaluating that match. As indicated in FIG. 3, non 
matching points will be distributed all over the plane. 

GROUP TABLE INFORMATION (FIGS. 4 AND 6) 

For each line entry on the difference table (that is, for 
_ each comparison of a reference point R; and a subject 
point 8]‘) an associated Group of difference table entries 
is established. In connection with the following de?ni 
tion of a Group it should be kept in mind that the mem 
bers of each Group are not exclusive. Thus, an individ 
ual difference table line entry can be a member of more 
than one Group. 

It is convenient to de?ne all difference table line 
entries associated with a given reference point R; as a 
Reference Set (RS) of entries on the difference table. 
Thus, there can be no more Reference Sets in the differ 
ence table than there are reference points. 
The line entry that is the basis for forming a Group is 

termed the lead entry for the Group. It should be kept 
in mind that since a Group is formed for each difference 
table entry, each difference table entry will be a lead 
member of one Group. 
With these de?nitions of (RS) and lead entry in mind, 

the Group of difference table entries associated with 
each lead entry is that member of each RS which is 
closest on the difference plane to the lead entry. Thus, 
only one line entry from each RS can be in any one 
Group. As a second constraint on the members of the 
Group, a line entry quali?es for a Group only if its 
position on the difference plane is within a box of 
18 X 18 pixels on the difference plane erected around the 
lead member of which the Group is being established. A 
third constraint, that may be employed, states that a line 
entry quali?es for the Group only if its Ad) value is 
within a predetermined range of the Ad) value of the 
lead member of the Group. 

Accordingly, the number of difference table lines 
entries in the Group associated with a given line entry 
can be no greater than N, the total number of reference 
points. Because of the 18X 18 window and the Ad) win 
dow, if the latter is used, the Group may have fewer 
members than N. The number of members of the Group 
is designated GC herein. 
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FIG. 4 represents one Group table that is derived 
from the difference table of FIG. 2. More particularly, 
the Group table of FIG. 4 is a Group table associated 
with the ?rst entry on the FIG. 2 difference table. This 
?rst entry is considered the lead entry for the FIG. 4 
Group table. From each referece set RS, that difference 
table entry is selected which is closest on the difference 
plane to the position of the lead entry on the difference 
plane. Accordingly, there are seven entries on the 
Group table of FIG. 4 representing the seven reference 
sets RS in the difference table of FIG. 2. If any of the 
Group table entries shown in FIG. 4 were outside of a 
18 X 18 pixel box centered on the lead entry, it would be 
deleted from the FIG. 4 Group table. 

Similarly, if the Ad> values were included in the em 
bodiment the Group table could be further purged of 
any line entry member where the Aqb value is not within 
a predetermined range of the Aqb value of the lead entry. 
Although a preferred embodiment of this invention is 

described in which the angular displacements of the 
points from the subject ?le and reference ?le are incor 
porated in the tables and in determining the quality 
score, it should be understood that the matcher mecha 
nism of this invention can be implemented solely by 
reference to the X and Y displacements. One embodi 
ment of the invention which has been tested and found 
to work involves only the difference plane consider 
ations. Accordingly, to simplify the presentation in the 
FIGS, the angelon displacement comparisons elimi 
nated from the showing of FIGS. 2, 4, 6 and 7. How 
ever, as shown in FIG. 5, a Ad) criterion is used in set 
ting up the difference table in all cases. 
FIG. 6 illustrates the formation of the Group tables 

from the difference table. As indicated by the function 
box 40, each Group table has a lead entry and each 
entry on the difference table (DT); is a lead entry for a 
separate Group table. Each reference set (RS),- is treated 
as a separate grouping. Accordingly, as shown at box 
41, the appropriate initialization j=l is set for (RS),-. 
Since only one member from each (RS)j is to be selected 
and that is to be the closest neighbor to the lead entry, 
such closest neighbor from each (RS),~ is selected, as 
indicated by function box 42. As indicated by the two 
decision boxes 43, 44 the closest neighbor is tested for 
whether or not it is within the 18X 18 pixel window. 
Only if it is, is it written into the Group table. FIG. 6 
does not illustrate the elimination for |A¢i-A¢j | E2. 
That would entail an additional decision box where that 
criteria is used. After the closest entry for a particular 
Reference Set (RS)j has been selected, the next Refer 
ence Set on the difference table is addressed and the 
procedure repeated until the last Reference Set (RS)Nis 
tested. Each Group Table requires a count of the num 
ber of entry lines and that Group Table count GC is 
established by the initialization and incrementing, 
shown in FIG. 6 in function boxes 41 and 45. 

ESTABLISH Q SCORE FOR EACH GROUP (FIG. 
7) 

A Quality score Q is calculated for each group and 
that Q score is attributed to the lead entry of the group. 
The Q score for each group involves a weighted 

relationship between the relative displacements (AX,AY 
and Aqb) of the various line entries in the Group associ 
ated with the lead member. Each member of a Group is 
paired with each other member of that same Group. For 
example, if there are eleven members of a Group associ 
ated with the third entry in the difference table, there 
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8 
will be 55 combinations or pairs between those eleven 
Group members. 
For each of these 55 pairs, a pair score P; is generated. 

The pair score takes into account the distance on the 
difference plane between the two members of the pair 
and may also take into account the differential angular 
displacement between the two of the pair. 
More speci?cally, a value Pd is calculated from the 

sum of the absolute value of the difference between the 
AX values for the two members of the pair and (ii) the 
absolute value of the difference between the AY values 
for the two members of the pair. A value Pa may also be 
calculated as the absolute value of the difference be 
tween the Ad) values of the two members of the pair. 
Thus: 

Then, a weighted distance value Wd is calculated as a 
magnitude equal to the value “9” less the distance value 
Pd. A weighted angular value W0 is also calculated 
equal to the value “2” less the angular differential value 
Pa. The Wd value is used only if it is positive. Thus all 
Pd values of “9” or more are elimated. The W” value is 
used only if both Wd and Wa are positive. Thus: 

In one embodiment, the angle of the minutia points 
involved are determined by a slit angle technique which 
involves angle values and increments of 11.25 degrees. 
That is, there are 32 separate angle values in a circle. 
Each of these angle increments are given an angle value 
from 0 to 31. Accordingly, in that embodiment the 
angle values are not measured in degrees but rather in 
one of these 32 angle values and the programming in 
volved counts each increment as an angle value of 
“one”. Accordingly, the formulations set forth herein 
for the Wa values are in terms of these 32 incremental 
angle values, speci?cally, the maximum Wu value of “2” 
corresponds to 22.5 degrees. 

Using only positive values for Wd and W,,, the Score 
P, for the pair involved in the sum of W4 and Wu. 

Finally, the Q score for the lead member of the 
Group is based on the sum of these pair scores PS. 

In this fashion, a Q score is provided for each entry in 
the difference table. 

It should be noted that the Q score is based on a 
calculation involving the members of the Group and is 
a value or score that is attributed to the lead member of 
the Group. 
FIG. 7 is a ?ow chart representing the above calcula 

tions for an embodiment in which the Aqb differentials 
are not employed and thus the P‘z contribution to the Q 
score is not involved. As shown in FIG. 7, the group 
current GC has to be established. If it is one, then no Q; 
is calculated for tha group as indicated at decision box 
47 and function box 48. If the Group has more than one 
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line entry, the initialization function (box 49) sets i=2 so 
that the pairing of each entry i with each other entry j 
will be properly ordered. The decision box 50 assumes 
that the pair value is weighted more heavily, as the 
numbers of the pair are closer to each other. The Q 
score for the particular group (i.e. the score Q,-) is the 
sum of the weighted pair scores as shown in function 
box 51. 

ESTABLISHED Qm SCORE FOR MATCHER 
(FIG. 8) 

The highest Q score is the score Q,,, for the matcher. 
The difference table line entry that corresponds to the 
highest score Q,,, is deemed the center of the tightest 
cluster. The AX,AY and Ad) values in that line of the 
difference table are deemed to represent the shift and 
rotation on the image plane between the subject image 
and the reference image. 
The number of line entries in the Group having the 

highest score Q,,, is designated by the letter M. The 
output of the matcher is the value of Q", and the value 
of M. These matcher outputs M and Q", are used to 
provide veri?cation of the input image against the refer 
ence ?le. 

This Q score is a quality value that is associated with 
each Group and serves to provide an indication of how 
close is the match between the set of subject points and 
the set of reference points. The highest Q score is used 
for the matcher because that represents essentially the 
tightest cluster. The ability of this Q score to discrimi 
nate between a subject set of points which derive from 
the same ?nger as the reference set of points and a 
subject set of points which are not derived from the 
same ?nger determines the value of the matcher. The 
Group table approach of this invention is what provides 
improved Type I and Type II errors. In particular, 
noise which weakens this ability to discriminate is re 
duced by those steps which limit the members of each 
Group table. Thus purging each Group table of any 
members which deviate from the lead entry more than 
a certain distance on the difference plane, or more than 
a certain difference in angular displacement, aids in 
reducing noise. Perhaps, more importantly, the step of 
limiting each Group table to a single difference table 
entry for each reference point and requiring that entry 
to be the one which is closest on the difference plane to 
the lead entry, aids to provide a unique cluster of Group 
table members for calculation of the quality score Q. It 
is these features in particular which tend to greatly 
improve the Type II error. 
FIG. 8 illustrates the over all Group table formula 

tion and scoring of this invention with the output of the 
function box 52 being the output of FIG. 7. Then, as 
shown in FIG. 8, the matcher score or highest Group 
cluster score Qm is determined by a comparison of the 
individual Group scores Q; through the P Groups in 
volved, as indicated by the boxes 530 through 53d. The 
maximum Q,- is stored as the matcher score Qm as the 
value M (the number of entries Miin the Group having 
the Qm) and N (the number of entries in the difference 
table). 

VERIFICATION (FIG. 9) 
It should be recognized in connection with veri?ca 

tion, that if the subject image were identical to the refer 
ence image (with each minutia point in exact position 
relative to one another) then the value of M (the num 
ber of entries in the Group table) would equal N (the 
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10 
number of minutia points in the reference ?le). The 
value of each paired score P, would be a maximum and 
equal to “11” (or “9” if the angle differential were not 
employed). Accordingly, the value of Q,,, would be a 
maximum. Speci?cally, the number of pair scores P, is 
one-half of N (N-l). Thus with a perfect match, the sum 
of all P; values would equal (ll/2) N(N-l). Accord 
ingly, the maximum possible value for Qm is a function 
of N. 
With the above in mind, it may be appreciated that 

one useful veri?cation routine requires that the value of 
M be greater than a ?rst threshold, that M be greater 
than a predetermined percentage of N, and also that the 
value of Qm be greater than a second threshold which is 
a function of N. 

In particular, in one embodiment, as shown in FIG. 9, 
veri?cation is established only if each of the following 
three criteria are met: (i) M is greater than 4, (ii) M is 
equal to or greater than 60% of N, and (iii) Q", is equal 
to or greater than 4N. 
FIGS. 10 and 11 indicate a known mechanism 12 

optically scanning the ?ngerprint. Since it is described 
in the issued U.S. Pat. No. 4,332,163, the disclosure 
herein need not be in great detail. Suf?ce it, therefore, 
to say that a beam of light such as may be provided by 
a laser 56 is approximately collimated by lenses 58 and 
60 to provide the interrogating beam 61. A substantially 
transparent platen 62 is provided as a base on which an 
individual ?nger may be placed. The platen 62 is 
mounted in a movable carriage 64 which permits mov 
ing the ?nger forward across the interrogating beam 61. 
As a consequence, the pattern of ridges and valleys 
provided at the back surface of the platen 62 causes the 
re?ected light beam 65 to be modulated with ?ngerprint 
information. A focusing lens 66 focuses the image car 
ried by the re?ected light beam onto a linear array 67 of 
photo responsive diodes. 
An encoder element 68 which is af?xed to the car- i 

riage 64 responds to movement of carriage 64 to pro 
duce a synchronizing signal each time the carriage 
moves a predetermined distance (0.02 mm in one em 
bodiment) the snychronizing signal causes the scanning 
circuit 70 to sequentially interrogate each of the photo 
diodes comprising the array 67. Thus the output of the 
scanning circuit 70 is a train of pulses for each scan line. 
Each pulse represents a picture element or pixel. In one 
embodiment, the larger magnitude pulses represent 
ridge pixels and are referred to herein with the value 
“one” and the smaller magnitude pulses represent val 
ley zone pixels and are referred to herein as having a 
“zero” value. In connection with the present invention, 
the preferred embodiment of the platen 62 is that shown 
in FIG. 8 of U.S. Pat. No. 4,322,163 and more particu 
larly is a transparent substrate having an anti-re?ective 
coating on its ?nger touching surface. 
What is claimed is: 
1. In the method of matching a set of subject identi? 

cation points against a set of reference identi?cation 
points involving a matcher mechanism that employs a 
difference table, the improvement comprising the steps 
of: 

optically scanning the surface of an object that is 
deemed to be a subject input to provide said set of 
subject identi?cation points substantially unique to 
the object being scanned, 

for each line entry on the difference table as a lead 
entry, providing a group of difference table line 
entries, limiting each group so provided to no more 
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than one line entry for each of said reference identi 
?cation points, 

for each of said groups, providing a quality value 
determined by a weighted relationship between the 
relative displacements of the various line entries in 
the group, 

selecting the most signi?cant group quality value, and 
verifying a match between the set of subject points 
and the set of reference points as a function of the 
relative magnitude of the most signi?cant quality 
value as compared to the number of identi?cation 
points in a ?rst one of said sets. 

2. The method of claim 1 wherein said step of provid 
ing each of said groups involves selecting that one line 
entry associated with each reference point which is 
closest on the difference plane to the lead entry for that 
group. 

3. The method of claim 2 wherein each of said 
groups, all line entries within a group are within a pre 
determined window on the difference plane around the 
lead line entry for that group. 

4. The method of claim 3 wherein said ?rst one of said 
sets, used in said step of verifying, is said set of reference 
identi?cation points. 

5. The method of claim 4 wherein said surface of an 
object is a ?nger surface or a ?ngerprint surface. 

6. The method of claim 3 wherein said weighted 
relationship involves determining a weighted proximity 
value between each pair of line entries in the group 
involved. 

7. The method of claim 6 wherein said weighted 
proximity value is based on relative displacement on the 
difference plane of each pair. 

8. The method of claim 7 wherein said weighted 
proximity value if further based on the relative angular 
displacement of each pair. 

9. The method of claim 6 wherein said step of select 
ing the most signi?cant group quality value involves 

‘ selecting the maximum weighted proximity value. 
10. The method of claim 3 wherein said surface of an 

object is a ?nger surface or a ?ngerprint surface. 
11. The method of claim 2 wherein said surface of an 

object is a ?nger surface or a ?ngerprint surface. 
12. The method of claim 1 wherein, in each of said 

groups, all line entries within a group are within a pre 
determined window on the difference plane around the 
lead line entry for that group. 

13. The method of claim 1 wherein said ?rst one of 
said sets, used in said step of verifying, is said set of 
reference identi?cation points. 

14. The method of claim 13 wherein said step of veri 
fying further includes requiring that the number of line 
entries in the group from which the most signi?cant 
group quality value is obtained exceeds a predetermined 
value that is a function of the number of reference iden 
ti?cation points. 

15. The method of claim 14 wherein said step of veri 
fying further includes requiring that the number of line 
entries in the group from which the most signi?cant 
group quality value is obtained exceeds a predetermined 
value. 

16. The method of claim 13 wherein said step of veri 
fying further includes requiring that the number of line 
entries in the group from which the most signi?cant 
group quality value is obtained exceeds a predetermined 
value. 

17. The method of claim 1 wherein said weighted 
relationship involves determining a weighted proximity 
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value between each pair of line entries in the group 
involved. 

18. The method of claim 17 wherein said weighted 
proximity value is based on relative displacement on the 
difference plane of each pair. 

19. The method of claim 18 wherein said weighted 
proximity value is further based on the relative angular 
displacement of each pair. 

20. The method of claim 19 wherein said weighted 
relationship involves determining a weighted proximity 
value between each pair of line entries in the group 
involved. 

21. The method of claim 20 wherein said weighted 
proximity value is based on relative displacement on the 
difference plane of each pair. 

22. The method of claim 21 wherein said weighted 
proximity value is further based on the relative angular 
displacement of each pair. 

23. The method of claim 22 wherein said step of se 
lecting the most signi?cant group quality value involves 
selecting the maximum weighted proximity value. 

24. The method of claim 20 wherein said step of se 
lecting the most signi?cant group quality value involves 
selecting the maximum weighted proximity value. 

25. The method of claim 19 wherein said step of se 
lecting the most signi?cant group quality value involves 
selecting the maximum weighted proximity value. 

26. The method of claim 17 wherein said step of se 
lecting the most signi?cant group quality value involves 
selecting the maximum weighted proximity value. 

27. The method of claim 1 wherein said step of verify 
ing further includes requiring that the number of line 
entries in the group from which the most signi?cant 
group quality value is obtained exceeds a predetermined 
value that is a function of the number of identi?cation 
points in said ?rst set. 

28. The method of claim 27 wherein said step of veri 
fying further includes requiring that the number of line 
entries in the group from which the most signi?cant 
group quality value is obtained exceeds a predetermined 
value. 

29. The method of claim 1 wherein said step of verify 
ing further includes requiring that the number of line 
entries in the group from which the most signi?cant 
group quality value is obtained exceeds a predetermined 
value. 

30. The method of claim 1 wherein said surface of an 
object is a ?nger surface or a ?ngerprint surface. 

31. A matcher improvement for matching a set of 
subject identi?cation points against a set of reference 
identi?cation points employing a difference table, com 
prising: 

?rst memory means for storing a set of subject identi 
?cation points, 

second memory means for storing the set of reference 
identi?cation points, 

differencing means coupled to the outputs of said ?rst 
and second storage means to provide a set of differ 
ence table entries, 

means for automatically grouping the line entries on 
said difference table into a series of group table, 
each line entry on said difference table providing a 
lead entry for a different one of said group tables, 
line entries on said difference table being available 
for inclusion in more than one group table, 

each of said group tables having no more than one 
line entry for each of said reference identi?cation 
points, 
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means to provide a quality value for each group so 
formed by virtue of a weighted proximity relation 
ship between each pair of entries in a group, 

means to select the most signi?cant group quality 
value, and 

means to verify a match between the set of subject 
points and the set of reference points as a function 
of the relative magnitude of the most signi?cant 
group quality value as compared to the number of 
identi?cation points in a ?rst one of said sets. 

32. The improvement of claim 31 wherein that one 
line entry for each reference point is the one that is 
closest on the difference plane to the lead entry for the 
group. 

33. The improvement of claim 32 wherein all line 
entries within a group are within a predetermined win 
dow on the difference plane around the lead line entry 
for that group. 

34. The improvement of claim 33 further comprising: 
second means to further verify a match between the set 
of subject points and the set of reference points as a 
function of the number of line entries in the group from 
which the most signi?cant group quality value is ob 
tained exceeding a predetermined value based on the 
number of identi?cation points in said ?rst set. 

35. The improvement of claim 34 further comprising: 
third means to further verify a match between the set of 
subject points and the set of reference points as a func 
tion of the number of line entries in the group from 
which the most signi?cant group quality value is ob 
tained exceeding a predetermined value. 

36. The improvement of claim 33 wherein said ?rst 
one of said sets, is said set of reference identi?cation 
points. 

37. The improvement of claim 36 further comprising: 
second means to further verify a match between the set 
of subject points and the set of reference points as a 
function of the number of line entries in the group from 
which the most signi?cant group quality value is ob 
tained exceeding a predetermined value based on the 
number of identi?cation points in said ?rst set. 

38. The improvement of claim 37 further comprising: 
third means to further verify a match between the set of 
subject points and the set of reference points as a func 
tion of the number of line entries in the group from 
which the most signi?cant group quality value is ob 
tained exceeding a predetermined value. 
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39. The improvement of claim 32 wherein said most 

signi?cant group quality value is the maximum 
weighted proximity value. 

40. The improvement of claim 32 further comprising: 
second means to further verify a match between the set 
of subject points and the set of reference points as a 
function of the number of line entries in the group from 
which the most signi?cant group quality value is ob 
tained exceeding a predetermined value based on the 
number of identi?cation points in said ?rst set. 

41. The improvement of claim 40 further comprising: 
second means to further verify a match between the set 
of subject points and the set of reference points as a 
function of the number of line entries in the group from 
which the most signi?cant group quality value is ob 
tained exceeding a predetermined value. 

42. The improvement of claim 31 wherein all line 
entries within a group are within a predetermined win 
dow on the difference plane around the lead line entry 
for that group. 

43. The improvement of claim 42 wherein said most 
signi?cant group quality value is the maximum 
weighted proximity value. 

44. The improvement of claim 31 wherein said ?rst 
one of said sets, is said set of reference identi?cation 
points. 

45. The improvement of claim 44 wherein said most 
signi?cant group quality value is the maximum 
weighted proximity value. 

46. The improvement of claim 44 wherein said most 
signi?cant group quality value is the maximum 
weighted proximity value. 

47. The improvement of claim 31 wherein said most 
signi?cant group quality value is the maximum 
weighted proximity value. 

48. The improvement of claim 31 further comprising: 
second means to further verify a match between the set 
of subject points and the set of reference points as a 
function of the number of line entries in the group from 
which the most signi?cant group quality value is ob 
tained exceeding a predetermined value based on the 
number of identi?cation points in said ?rst set. 

49. The improvement of claim 48 further comprising: 
third means to further verify a match between the set of 
subject points and the set of reference points as a func 
tion of the number of line entries in the group from 
which the most signi?cant group quality value is ob 
tained exceeding a predetermined value. 
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